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Abstract 
Technology integration and collaborative learning have great impact in education according to the previous studies. This study 
investigates peer interactions in terms of intervention styles and intervention strategies used by students in computer-supported 
collaborative learning (CSCL) using dynamic mathematics software. Three pairs of 16 year old students participated in the 
experiment. The theoretical framework of this study was based on constructivist view of learning. The Sinclair’s model was 
adopted as analytical framework to code the transcripts of students’ interventions. The findings provide evidence for utilizing 
dynamic mathematics software in collaborative learning to enhance active interactions between the dyads. 
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1. Introduction 
  
Collaborative learning is an effective instructional strategy as it can enhance successful learning of different subject 
areas, students’ abilities, grade levels and ethnic backgrounds.  In the collaborative learning, students work together 
in a task where each individual is responsible for one another’s learning as well as their own to achieve a common 
goal. Constructivism provides a theoretical framework for collaborative learning, where learners are put at the centre 
of the learning process to create their own knowledge through conversations.  In addition, collaborative learning is 
deeply rooted in Vygotsky’s (1978) idea of the zone of proximal development as well.  More capable group 
members can assist other group members to understand certain concept or knowledge in the collaborative learning 
environment. In collaborative learning, students working in pairs learn better than those working in larger groups in 
terms of students’ achievement (Lou et al., 2001; Lou, 2004).  
 
Although teacher-student interaction is very crucial, peer interaction has become more and more important today 
(Kumpulainen & Kaartinen, 2000) as it can facilitate collaborative learning. There are numerous benefits of 
collaborative learning in terms of academic, social, and psychological aspects, for instance, it promotes thinking 
skills, develops a social support system for students, and increases self esteem (Panitz, 2001). As for mathematics, 
collaborative learning enables students to discuss appropriate strategies for solving problems. Students can also help 
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one another master basic skills and computational procedures (Davidson, 1990). Despite the apparent benefits, the 
efficacy of non-computer setting in peer group learning is often questioned. When students conduct the arithmetic 
task without technological tool, it is tedious, and time-consuming (Noraini Idris, 2006). Such situation can be 
overcome by using computer programmes that generate quick and accurate graph of functions, observe the 
movement of graph using dragging and animation functions which are hard to do with conventional static drawings. 
Hence, computer is used to support collaborative learning in this study.  
 
In this study, the researcher used the Sinclair’s (2005) model to study the peer intervention styles and strategies in 
the computer-supported collaborative learning method using dynamic mathematics software, GeoGebra. This model 
was originally developed from the Dynamical Theory for the Growth of Mathematical Understanding of Pirie and 
Kieren model (1994). There are two extended elements of the Pirie and Kieren theory, they are folding back and 
teacher interventions.  According to Tower (1998), the growth of students’ mathematical understanding depended on 
the teacher’s intervention in the classroom. Tower’s work provided an initial framework for the analysis of 
Sinclair’s study. Sinclair modified the work of Tower from teacher-student interventions to student-student 
interventions. Sinclair explored the interactions that took place between pairs of students in senior mathematics 
classes in a lab environment.   
 
In Sinclair’s model, there are three intervention styles, i.e. (1) leading - going through a step-by-step explanation for 
their partner, checking understanding along the way, (2) showing and telling – telling their partners particular 
information, although it is sometimes inaccurate, and (3) shepherding – helping their partner understand.  Besides, 
there are eight intervention strategies in Sinclair’s model, i.e. (1) checking – checking shared understanding, (2) 
reinforcing – repeating a theorem or finding for shared understanding, (3) inviting – playing to explore a new 
direction, (4) enculturating – correcting one another with respect to terminology although occasionally the 
correction is wrong, (5) blocking – keeping the pair focused or to cut off discussion, (6) modelling – using powerful 
effect by some students, (7) praising –praising themselves or giving a happy yelp, (8) rug-pulling – not used by 
students. Results of the Sinclair’s research indicated that there was more than a sharing of information in students’ 
interactions.  They used interventions to correct mistakes, inform, cut off conversation, initiate play, and 
communicate their vision with their partner in order to develop mathematical understanding. 
  
A number of studies presented the effectiveness of educational software on academic achievement in teaching and 
learning mathematics especially dynamic geometry software (Johnson, 2002; Han, 2007) and computer algebra 
system (Kramarski & Hirsch, 2003; Tokpah, 2008). Nevertheless, there are restrictions in the utilization of DGS and 
CAS because they can be applied on specified topics only, for instance CAS is used to teach topics on algebra, but 
could not be used to teach geometry. Dynamic mathematics software, which is called GeoGebra, is used to link 
geometry and algebra for mathematics subject by different researchers. These studies have mainly focused on 
potential of GeoGebra to link geometry and algebra in teaching and learning mathematics (Edwards and Jones, 
2006; Lu, 2008; Preiner, 2008). GeoGebra was initiated by Markus Hohenwarter in 2001. It is an open source 
software under the GNU General Public License and can be freely download from the internet (Hohenwarter & 
Lavicza, 2007). The significant feature of GeoGebra allows students to engage in active learning through feedback, 
dragging, working with dynamic images, making connections and others (Edwards and Jones, 2006). 
 
The term “computer-supported collaborative learning” was coined by O’Malley and Scanlon (1989). CSCL is an 
effective strategy in teaching and learning practices (Lehtinen et al., 1999), which combine two ideas, i.e. computer 
support and collaborative learning. Stahl, Koschmann, and Suthers (2006) defined “CSCL as an emerging branch of 
the learning sciences concerned with studying how people can learn together with the help of computers.” In CSCL, 
students involve in the creation and exploration of the simulation of the computer software. There were a lot of 
studies that indicated the positive impact of collaborative learning with computers as compared to individual 
learning with computers (Rysavy and Sales, 1989; Shlechter, 1991; Lou et al., 2001; Lou, 2004; Chen Chiayi, 
2008).In Malaysia, CSCL has been implemented in the smart school. Nevertheless, awareness among teachers 
remains low and not many teachers are involved in CSCL application (Zarinah Kasirun and Siti Salwa Salim, 2004). 
The nature of implementing CSCL in local setting in particular with the kind of interactions involve is yet to be 
understood. Hence, the researcher expects that this study can provide information for educators on how to apply 
CSCL in mathematics subject.   
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In this study, peer interactions were examined in terms of interventions.  The following research objectives were 
investigated in this study: 
1. To explore the intervention styles used by peers in computer-supported collaborative learning. 
2. To explore the intervention strategies used by peers in computer-supported collaborative learning. 
 
2. Methodology 
 
In this study, experimental research design was conducted to investigate the intervention styles and intervention 
strategies that were used by peers in computer-supported collaborative learning. In the experiment, three pairs of 16 
year old students participated, i.e. one female-female dyad, one male-male dyad, and one mixed-gender dyad. They 
were selected randomly from five secondary schools in Johor. The students worked on the dynamic mathematics 
software in a three-hour session for three days. Each experiment comprised three parts, i.e. introduction (about 10 
minutes), collaborative work (about 2 to 3 hours) and discussion (about 10 minutes). During the experiment, each 
dyad sat in pairs to use a laptop together and took turns in using the keyboard and the mouse.  GeoGebra was used 
as a cognitive tool, and Wink was used as a screen-casting tool while Microsoft Word was used as an editing tool. 
The frame-recordings, works in GeoGebra, and the answers of modules in Word were then utilized as artefacts 
collections. They discussed among themselves to carry out the tasks in the modules.  
 
There are three modules with 6 tasks for the participants to complete, i.e. geometry, algebra, and statistics. For all 
the tasks, students were required to construct the figure given by following step-by-step instructions, and then 
explore the properties of that figure by measuring, observing, and dragging. In geometry module, students had to 
create two tangents to a circle and examine the properties of two tangents to a circle. Furthermore, students were 
asked to reflect a picture and inspect the properties of reflection as well. In the algebra module, students had to 
construct a linear function and look into the properties of linear function. The students also had to create a quadratic 
function and investigate the properties of quadratic function. Statistics module was designed to let students to 
construct a histogram and explore the histogram.  
 
Throughout the experiments, the researcher observed the students. The researcher also made video-recordings with a 
camera as well as audio-recordings with a voice recorder.  Then, the researcher transcribed the video-recordings and 
audio-recordings of the conversations manually into written forms. The researcher reviewed the transcripts, time 
after time and triangulated between the video-recordings and audio-recording transcripts, and the artifacts collection.  
In this study, the researcher adapted the intervention techniques of Sinclair’s model to code the data obtained as 
shown in Table 1 and Table 2. 
 
Table 1.    Intervention styles used by peers 
 
 
Table 2.     Intervention strategies used by peers 
 
Category Description 
Checking Students checking for shared understanding. 
Reinforcing Students repeating a theorem or finding for shared understanding. 
Inviting Students playing to explore a new direction to see ‘what if’. 
Enculturating Students correcting one another with respect to terminology although the correction is 
wrong. 
Blocking Student blocking to keep his or her partner focused or to cut off discussion 
Modelling Student explicitly modelling his or her own thought processes. 
Category Description 
Leading An extended stream of interventions of the students towards a specific answer or 
position, often involving step-by-step explanation and frequent questioning. 
Showing and telling An extended stream of interventions of the students often involving the giving of 
new information but usually without checking. 
Shepherding An extended stream of interventions of the students to help their partner understand 
through subtle nudging, coaxing, and prompting. 
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Praising Students praising themselves or could be heard giving a happy yelp after successfully 
working something out. 
Rug-pulling Student shifting his or her partner’s attention to something that confuses and forces him 
or her to reassess what he or she is doing. 
 
3. Findings and Discussions 
 
The results were obtained from the analysis of the transcribed conversation of peers in the experiment. The first part 
was the analysis of intervention styles and the second part was the analysis of intervention strategies. For each 
intervention, the appropriate excerpts were demonstrated.  
 
3.1      Intervention Styles 
 
In this study, the transcripts of the students’ interactions were coded into three intervention styles, i.e. leading, 
showing and telling, and shepherding. As for the leading style, students guided their partner by giving step-by-step 
explanation. The excerpt below indicates that Wen from Group A led her partner, Hui, to construct a linear function 
in Task 3. Hui followed the instructions given by Wen using the mouse and keyboard. 
 
Task Three A1 
 
 
 
Task Three A2 
Task Three A3 
 
Wen: 
 
 
 
Hui: 
Wen: 
Put slider m.  Then put another one at any place.  Name it as c. Type y equals to m 
times x plus c. Next, use Intersect Two Object tool to get point A at y-axis (pointing 
to the y-axis). After that, add a point B at origin (pointing to the origin) and create a 
segment (pointing to the segment between two points) between point A and B. 
Correct or not? 
Yup.  Connect point A and B.  Then, click on the point A to get the slope.  This one.  
Try one more time.  Use slope tool. Choose line a.    
 
Student used showing and telling style to inform their partner new information regardless of the accuracy. As the 
excerpt shows below, Jing from Group B helped his partner, Yong, to observe the changes of graph as slider b 
changes in Task 4 by pointing to the graph. 
 
Task Four B11 
 
 
Task Four B12 
Jing: 
 
 
Yong: 
(Looking at question 2) Slider b has to be adjusted.  It seems like it has not changed.  
It just moved from the position.  You look carefully (pointing to the graph).  Its shape 
is has not changed.  Write it did not change, right? 
Yup.  I have no idea. 
 
There were some characteristics of shepherding style as noted by Sinclair (2005) including completing sentences, 
questioning, paying attention to the other’s comments, giving feedback, and adding ideas. Xian and Jie from Group 
C nudged each other in Task 2 and this propelled them towards deeper understanding of the problem.  They 
examined the point that cannot be dragged and the reason why it cannot be dragged.  Besides, they also determined 
the angles between the segments and the line of reflection. Lastly, they concluded that the properties of reflection, as 
the angle and the length of the image and object, are the same. 
 
Task Two C129 
Task Two C130 
Task Two C131 
Task Two C132 
Task Two C133 
Task Two C134 
Task Two C135 
 
 
Task Two C136 
Task Two C137 
Xian: 
Jie: 
Xian: 
Jie: 
Xian: 
Jie: 
Xian: 
 
 
Jie: 
Xian: 
This one can’t be dragged (pointing to the point C). 
Point C can’t be dragged, right? 
Yup.  You drag to see. 
But you have to write the reason why it can’t be dragged. 
Why is it can’t be dragged?  Because it is not the free object. 
True. True. True. 
Point C is not a free object while A, B and D are dependent objects, hence they can be 
moved.  How to write the answer? The angles between the segments and the line of 
reflection are not changed. 
Yup.  Remain unchanged. 
Actually it will not change, right? 
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Task Two C138 
Task Two C139 
 
Task Two C140 
Task Two C141 
Jie: 
Xian: 
 
Jie: 
Xian: 
Yup.  Write remain unchanged. 
Properties of the reflection.  The length and the angle are exactly the same.  The angle 
and the length 
of the image and the object are the same. 
The object reflects at the line of the axis of symmetry. 
 
3.2      Intervention Strategies 
 
There are eight intervention strategies, i.e. checking, reinforcing, inviting, enculturating, blocking, modeling, 
praising and rug-pulling.  Student used checking strategy to check their work. The following interaction between Jie 
and Xian from Group C provides an example of checking strategy in Task 4.  They were frustrated as to whether the 
minimum value of the curve decreased when c is less than zero. Therefore, they switched back to GeoGebra to 
check the position of the graph. 
 
Task Four C75 
Task Four C76 
Task Four C77 
Task Four C78 
Task Four C79 
Task Four C80 
Task Four C81 
Jie: 
Xian: 
Jie: 
Xian: 
Jie: 
Xian: 
Jie: 
c less than zero, has it increased? 
It has decreased. 
The next one is two real roots. 
Decreased, right? 
We check again.  When c is less than zero, minimum value decreases. 
Decreased, right? 
Yup. Question 4. 
 
For reinforcing strategy, student repeated the finding of the partner in the interaction. In Task 2, Jing from Group B 
emphasized the idea of Yong, i.e. the angles between the segments and the line of reflection do not change when 
corner points A, B, C, and D are moved from the original picture.   
 
Task Two B92 
Task Two B93 
Yong: 
Jing: 
Not change.  
Yup.  Not change. 
 
Inviting strategy was used to invite partner to find out new idea.  The following excerpt illustrates how Hui from 
Group A focused Wen’s attention and provided motivation for further investigation in Task 4. They examined the 
function of c in the quadratic function, i.e. f(x) = ax2 + bx +c by moving slider a and b. 
 
Task Four A59 
Task Four A60 
Task Four A61 
Task Four A62 
Task Four A63 
Task Four A64 
 
Hui: 
Wen: 
Hui: 
Wen: 
Hui: 
Wen: 
What can we find through this formula? 
The formula allows us to see the graph whether it is a smiling face or a bitter face. 
What else?  Find its value, right? 
Yup. 
What else? 
Maximum and minimum point.  I remember that teacher taught us intersection y and 
x, right?  It really can’t move. Why is it like that?  Because of its position.  Every 
time when we draw graph, there are some steps to find point C, right?  After we get 
point C, we will know its position on graph. ax2 …a shows us the smiling face or 
bitter face.  If a is positive, it is a smiling face.  If a is negative, it is a bitter face.  c 
shows us the position on graph.  But I don’t know what is b for. 
  
In the interaction, student exploited the enculturating strategy to correct their partner in terms of terminology. In 
Task 6, Wen from Group A provided a correct definition of ‘Mode’, but the answer was wrong. Actually the correct 
answer for mode was 2.   
 
Task Six A5 
Task Six A6 
Wen: 
Hui: 
(Looking at question 1) Mode is the frequency that is the most.  So, is it 3? 
Yup. 
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For blocking, student blocked their partner from doing mistake. The following excerpt shows that Jie from Group C 
hindered Xian from using the ‘line through two points’ tool to create the segment AE in Task 1.  In fact, Xian should 
have used another tool to draw segment, i.e. segment between two points. 
 
Task One C42 
Task One C43 
Task One C44 
Task One C45 
Task One C46 
 
Task One C47 
Jie: 
Xian: 
Jie: 
Xian: 
Jie: 
 
Xian: 
Segment AE that joins point A and E. 
A…E…same, right? 
Choose from second one. 
No need.  Just use this tool. 
Cannot.  Cannot.  It is too long.  You have to change.  Click Undo. Then choose the 
third one.  The second one. 
Okay.  Segment between two points. 
 
Besides, students model their own thinking by using modelling strategy.  In the excerpt presented below, Yong from 
Group B believed that the length and angle of the image are actually the same as the object when they measured and 
typed the answer for angle A’B’C’ in Task 2. 
 
Task Two B54 
Task Two B55 
Task Two B56 
Yong: 
Jing: 
Yong: 
It seems that the answers are the same.  Try another one. 
Same or not? 
No need to measure.  I think all the answers are the same as object ABCD. 
  
For praising, students used praising strategy to praise themselves when working something out successfully. In Task 
1, Xian from Group C praised Jie for their drawing when they get the same answer for angle ECA and angle ACF, 
i.e. 16.23o. 
 
Task One C69 
 
Task One C70 
Task One C71 
Task One C72 
Task One C73 
Task One C74 
Jie: 
 
Xian: 
Jie: 
Xian: 
Jie: 
Xian: 
Angle ECA (pointing to the point E, C and A).  16.23 degree can be seen at algebra 
window. 
16.23 degree, right? 
Yup. 
Which one now? 
Angle ACF.  It is 16.23 degree. 
It is same.  May be we have drawn accurately (both laughing). 
 
Furthermore, student used rug-pulling strategy to ask their partner to reexamine something that was confusing. 
Initially, Yong from Group B misconceived the angles between the segments and the line of reflection in Task 2. 
But then Yong asked Jing to read the question again.  Then, they realized that what they have done was wrong, thus 
they quickly changed to the right path.  
 
Task Two B87 
Task Two B88 
 
Task Two B89 
Task Two B90 
Task Two B91 
Task Two B92 
Jing: 
Yong: 
 
Jing: 
Yong: 
Jing: 
Yong: 
What else should we type? 
This one has to be typed, so strange.  I think it is wrong.  You wrote, “it became 
long”.  Switch back to look again.  What is the meaning for this question actually? 
Segment is this line (pointing to the segment AA’). 
The angle of this segment has not changed.  I feel that we are trapped.          
Change or not?  
Not changed. 
 
 
 
 
606  Chan Shiau Wei and Zaleha Ismail / Procedia Social and Behavioral Sciences 8 (2010) 600–608
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Frequency of intervention styles and intervention strategies 
 
By referring to the Figure 1, we can see that intervention style most commonly used by the students during the 
interactions is the leading style, especially by Group C, with the frequency of 28 for all tasks.  The frequencies of 
leading style used by Group A and Group B are 14 and 15 respectively. Normally, leading style is used in the CSCL 
environment when the students guide their partner with step-by-step instructions to construct figures and to solve the 
problems. During the interaction, students collaborate to solve problems together, but sometimes some students will 
dominate the collaboration slightly. Besides, students also employed the showing and telling style to tell their 
partner some information that he or she did not know.  In general, they showed their partner by pointing to the figure 
in the GeoGebra interface and the changes of the figure in the GeoGebra. Such situation showed that GeoGebra can 
be used as visual aids to help students to better understand certain mathematics concept. The frequency of showing 
and telling style for Group A was 1, while it was 3 for Group B and it was 4 for Group C. Furthermore, the 
shepherding style was utilized by students in the interactions during this study.  There are some characteristics of 
shepherding style as noted by Sinclair (2005) including completing each other sentences, questioning, paying 
attention to each other’s comments, giving feedback and adding ideas. Group B only used the shepherding style 
once, and Group C used it for 5 times during the experiments. Group A did not use this style, mainly because they 
did not possess the knowledge of the teacher as stated by Sinclair (2005). 
 
On the other hand, students used checking during the experiments. From Figure 1, the frequencies of checking 
strategy used by Group A, Group B, and Group C are 4, 7, and 3 respectively. Generally, they adopted the checking 
strategies when they are confused about something. They always refer to figure in GeoGebra interface to check their 
answer to determine whether their answer is true or otherwise. Moreover, the reinforcing strategy was employed by 
students in the interactions, once by Group A, once by Group B, and 3 times by Group C. In this intervention, 
students generally repeated and emphasized the ideas of their partner in the interactions. Additionally, inviting 
strategy was the most popular strategy among the students as it was regularly used by students, where the 
frequencies are 9, 10, and 5 for Group A, Group B, and Group C respectively. Students asked open-ended questions 
regularly such as “what should we do?”, “how about the point?”, “which tool should use?” and “how to move?”  to 
guide their partner to explore something. Besides, enculturating strategy was seldom used by the students to correct 
each other as regards to terminology as we can see that Group A used it just once, and Group B and Group C did not 
used it at all. This is because the students may not have sufficient knowledge to define the terminology although 
they know its meaning.  
 
In addition, blocking strategy is usually utilized by students to prevent their partner from making mistakes, such as, 
using wrong tool or following the wrong step.  From Figure 1, the frequency of blocking strategy for Group A is 4, 
Group B is 2, and Group C is 7. Furthermore, students used modelling strategy to articulate their own ideas and 
thinking in the interactions.  However, this intervention strategy rarely used by students in this study, where Group 
A did not use it at all, Group B used it once, and Group C used it twice.  From the observation of the researcher, 
students of Group A did not have the confidence and were too shy when they carried out the tasks. This might have 
caused them not to model their own thoughts in the experiments. Moreover, praising strategy was neither employed 
by Group A nor Group B.  Only one of the members of Group C, Xian, often praised his or her partner as she was 
extremely happy when something was successfully worked out.  This may be due to her manner because she was 
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quite a cheerful person as compared to other participants. The last strategy is rug-pulling, which was seldom used by 
the students in this study.  Only Group B used it for once.  This was mainly because the students did not have 
enough understanding of mathematics concept to teach and guide their partner as mentioned by Sinclair (2005).  
 
The overall findings indicated that the peers did not adopt all the intervention styles and intervention strategies, such 
as shepherding, enculturating, modelling, praising, and rug-pulling, during the experiments. This might be due to the 
students’ ability, attitude and social background as well as the tasks in this study. It would be interesting in the 
future to investigate on the relationship of intervention style or strategy on ability in problem solving success as well 
as understanding. 
 
4. Conclusion 
 
In this study, there was a good potential of GeoGebra usage in computer-supported collaborative learning   in 
mathematics. It promotes active participation between the peers during the experiment. However, according to the 
findings, some of the intervention styles and intervention strategies were not utilized at all by the three groups, 
indicating their preferences in learning. Why they limit their interactions to selected styles and strategies need to be 
researched. There might be a need to improve the peer interventions in further studies. In this case, teachers played 
important roles as facilitators to promote active participation among the students. Teachers can intervene in the 
interactions when the students are passive or not capable to participate in selected intervention strategies or styles 
which require excellent mathematics backgrounds. Furthermore, teacher must take into considerations on the ability 
and social background of the students in order to better understand them.  
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